Lines 6.6-2 (B2B2) and 6.15-5 (B2B2), congenic for the major histocompatibility (B) complex with > 99.9% background gene uniformity, were used to examine primary antibody responses to two antigens. In each of two trials, 1 mL of 5% SRBC, a T cell-dependent antigen, or 0.1 mL of Brucella abortus (BA), a T cellindependent antigen, was injected into separate groups of each B genotype aged 3 and 6 wk. Blood samples were taken from the chickens 7 d after immunization. Serum titers (log2) for both total antibody and mercaptoethanol (ME)-sensitive antibody to detect IgG were assayed by microtiter procedures. Least squares analysis
INTRODUCTION
Efficient and effective antibody responses depend upon contributions of the immunogen and the host system. Foreignness, molecular size, chemical complexity, and degradability are important properties of the immunogen. The host contributions are dependent upon the immunogen dose and route of administration as well as the genetic constitution of the immunized animal which influences both the type and degree of the response. Genes of the MHC as well as other genes exert their effects in one or more cellular components of the immune response, i.e., macrophages, T cells or B cells (Kuby, 1991) . Biozzi et al. (1972) found at least 10 genes affecting the antibody response in mice selected for high and low antibody response to erythrocyte antigens. In chickens, selection experiments have been conducted to produce lines which were high or low antibody responders to Salmonella pullorum (Pevzner et al, 1981) , L-glutamic acid 60 -L-alanine 30 -L-tyrosine acid 10 (GAT) [Pevzner et al., 1979] , and SRBC (Siegel and Gross, 1980; Martin et al, 1990; van der Zjipp and Nieuwland, 1986 Chickens selected for high or low antibody to SRBC had altered B complex haplotype frequencies suggesting that genetic system's involvement in control of antibody production. Martin et al. (1990) found that after 13 generations of selection for high and low SRBC response, the high responder line had a B 21 gene frequency of 99%. The B 13 haplotype had 98% frequency in the low responder line. In another selection experiment, a high SRBC antibody line had an increased frequency of B 12 l and the low antibody line had an increased frequency of BU4 and B 12 4 (Pinard et al, 1993) .
The chicken B complex genetic control of an antibody response occurs via regulation of cellular interactions through B-L molecules, the class II antigen homologs (Vainio et al, 1988) . Responses to simple synthetic polypeptides GT, GAT, and (T, G)-A-L (Benedict et al, 1975; Pevzner et al, 1979) exhibit B complex control. In addition, B genotype affects antibody generated to antigens of increased complexity, such as S. pullorum and human serum albumin (Pevzner et al, 1975 (Pevzner et al, , 1979 .
Lines congenic for the B complex have provided an excellent model to study the MHC effects on immunity and disease resistance (Bacon, 1987; Dietert et al, 1991) . Genes of the B complex are placed on a common genetic background through repeated backcrossing to an inbred line, which minimizes effects from genes other than MHC. Two such congenic lines [6.6-2 BA ME-resistant 7 BA ME-resistant : ME = mercaptoethanol-resistant antibody (IgG).
characterize the antibody response of 6.B congenic chickens to SRBC and Brucella abortus (BA).
MATERIALS AND METHODS

Stock
Congenic lines 6.6-2 (B2B2) and 6.15-5 (B5B5), developed at the University of New Hampshire, were used (Taylor et al, 1992; Qureshi and Taylor, 1993) . Line 6i (B2B2), highly inbred White Leghorns from the USDA Avian Disease and Oncology Laboratory (ADOL) in East Lansing, MI 48824, served as the genetic background. The B5 haplotype of inbred Line 15i, also from the USDA ADOL, was introduced into Line 6i, followed by repeated backcrossing of B 2 B5 heterozygous chickens to the background strain. After completing 10 backcross generations, heterozygous chickens were mated inter se to produce B 2 B 2 and B 5 B 5 homozygotes with >99% background gene uniformity.
Chicks of both genotypes were intermingled in heated battery brooders with feed and water available for ad libitum consumption. A commercial chick starter diet consisting of 20.0% crude protein and 2,860 kcal ME/kg, which met the requirement for essential nutrients (NRC, 1984) was fed. Immunizations against Marek's disease and Newcastle-bronchitis were administered at hatch and 10 d of age, respectively.
Antigen Inoculation
At 3 wk of age, a blood sample was taken from each chick to determine whether any cross-reacting antibody preexisted. Sheep red blood cells, a T cell-dependent antigen (McArthur et al, 1973) , were collected in Alsever's solution. Cells were washed three times and were diluted to a 5% vol/vol solution in 0.9% NaCl. with 1 mL of 5% SRBC. Blood samples were taken 7 d postinjection. The same procedures were performed on different groups of chicks at 6 wk of age. A second antigen, BA, 3 which is T cell-independent (Gilmour et al, 1970) , was injected intravenously into 15 different chicks of each genotype at 3 wk of age. Another group of 15 different chicks of each genotype was injected at 6 wk of age. Each of these experiments was replicated in a second trial. Blood samples were collected 7 d after antigen injection. Serum from SRBC and BA injected birds was separated and was stored at -20 C.
Antibody Titration
Microtiter techniques were used to titrate antibodies in serum. Total SRBC antibody for each bird was assayed according to the method of Wegman and Smithies (1966) . The procedure described by McCorkle and Glick (1980) was used to assay total BA antibody. Mercaptoethanol (ME)-resistant antibody (IgG) for SRBC and BA was measured as specified by Yamamoto and Glick (1982) . The titers, both total and IgG, were expressed as the log2 of the reciprocal of the highest dilution giving visible agglutination.
Statistical Analysis
The total and ME-resistant antibody titers for each antigen were evaluated by least squares analysis of variance. The analysis was performed at each age to examine the MHC effect. Trial and B genotype were the main effects in the statistical model. Fisher's Protected LSD at P < 0.05 was used to separate significant means. Table 1 shows the probability values for antibody titers to SRBC or BA in 6.B congenic chickens at 4 wk or 7 wk of age. Only B genotype had a significant effect whereas trial and the B genotype by trial interaction were not significant. At 4 wk of age following SRBC injection, line 6.15-5 chicks having the MHC B 5 B 5 , Total ME-resistant FIGURE 1. Mean total and mercaptoethanol-resistant antibody titers (± SE) to sheep red blood cells in 6.B congenic chickens at A) 4 wk of age, and B) 7 wk of age. Within each age and antibody type, bars having no common letter differ significantly (P < 0.05).
RESULTS
produced a mean total antibody titer of 8.9 ± 0.3 compared to line 6.6-2 (B 2 B 2 ) chicks, which had a mean titer of 7.4 ± 0.5. These values were significantly different (Figure 1) . The ME-resistant titers were not significantly different at this age. A similar result was found in antibody titers at 7 wk of age. The B 5 B 5 chicks had a significantly higher total antibody titer to SRBC (8.7 ± 0.3) than the B 2 B 2 chicks (5.9 ± 0.3). No difference was observed in ME-resistant titer at 7 wk of age. Figure 2 shows that B5B5 chicks also had significantly higher antibody titers to BA than the B 2 B 2 chicks at 4 and 7 wk of age. The total antibody titer to BA in B 5 B 5 chicks was 8.2 ± 0.4, whereas B 2 B 2 chicks had a mean titer of 6.7 ± 0.6 at 4 wk. Seven-week-old B 5 B 5 chicks had significantly higher total antibody to BA (10.3 ± 0.4) than did their B2g2 counterparts (7.6 ± 0.3). At both ages, MEresistant antibody (IgG) was significantly higher in B genotype) than 6.6-2 chickens, which are B 2 B 2 . Because these congenic lines have > 99% background gene uniformity after the completion of 10 backcross generations, the observed effects are attributable to MHC genes. A congenic system minimized background gene effects, in this case, genes other than those of the B complex.
In other congenic lines developed on the Line 151s genetic background, Bacon et al. (1987) showed that 15.6-2 (B2B2) and 15.15-5 (B5B5) did not differ significantly in SRBC or BA antibody titers 5 or 21 d after antigen injection. Two points address the divergence of this data from that of the current study. First, the two congenic series have different genetic backgrounds (I5I5 vs 6j) and the 15.B lines had undergone five backcross generations at the time of testing, suggesting that other genes may have been present to affect the responses. Second, the SRBC and BA antigens were injected simultaneously , which may have modulated the response. chickens in their responses to Rous sarcomas (Collins et al, 1977; Taylor et al, 1992) , tumors produced by a subviral v-src DNA construct (Taylor et al, 1992 ), Marek's disease (Bacon et al, 1981) , and lymphoid leukosis (Bacon et al, 1981) . On the other hand, the B 5 B 5 genotype engendered a better response to Eimeria tenella (Clare et al, 1985; Ruff and Bacon, 1989) or Eimeria acervulina (Ruff and Bacon, 1989) Mice selected for high response to SRBC (Biozzi et al, 1984) had greater antigen persistence on the macrophage surface, which was attributed to the slower degradation of antigen. Higher phagocytosis (Qureshi and Taylor, 1993) and higher antibody titers found in the current study of 6.B congenic chickens suggest that B 5 B birds. Another possibility is the B5fi5 chickens may have more T or B cells, which react to SRBC, than those found in B 2 B 2 chickens.
Selection for high response to SRBC also increased the mouse antibody response to unrelated antigens (Biozzi et al, 1984) including Brucella suis, Salmonella typhimurium, streptococcal polysaccharides, and GAT, due to differential antigen processing. The higher titers to BA as well as SRBC in the B5g5 line versus the B 2 B* line further support the possibility of antigen processing differences, although the congenic lines were developed for MHC differences rather than antibody differences. The higher antibody produced to BA in B$B 5 chickens also suggest that this line may have more B cell clones reactive to BA or that the antigen may function more efficiently as a polyclonal activator.
Chickens of the B 5 B 5 genotype also had significantly higher levels of ME-resistant BA antibody (Figure 2 ). This result further suggests antigen processing and presentation differences, and is evidence that this may involve T helper cells, which induce immunoglobulin class switching. Clones of T cells may react to certain BA epitopes despite its classification as a T cell-independent antigen. Immunoglobulin G antibodies to BA have been detected in previous studies (McCorkle and Glick, 1980) .
The data demonstrate the utility of the congenic lines in the study of MHC effects on immunity. B 5 B 5 chickens have higher antibody to two antigens, SRBC and BA, than B 2 B 2 chickens. Macrophage antigen processing as well as T and B cell function in these lines merits additional investigation. Total ME-resistant FIGURE 2. Mean total and mercaptoethanol-resistant antibody titers (± SE) to Brucella abortus in 6.B congenic chickens at A) 4 wk of age, and B) 7 wk of age. Within each age and antibody type, bars having no common letter differ significantly (P < 0.05).
